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(57) ABSTRACT

A semiconductor element is sandwiched between a lower and
upper surface of a cooling body. A connection circuit and a
communication device are provided on the lower surface of
the cooling body. A drive circuit and a communication device
are provided on the upper surface of the cooling body. These
components are encapsulated by a resin. The connection cir-
cuit generates a control signal in response to a signal from
outside. The communication device transmits the control sig-
nal. The communication device receives the control signal
and supplies the control signal to the drive circuit, which
drives the semiconductor element in response to the control
signal. The resin electrically insulates the connection circuit
and the communication device from the communication
device and the drive circuit enabling prevention of breakdown
of the connection circuit caused by an application of a high
voltage from the drive circuit to the connection circuit.

5 Claims, 1 Drawing Sheet




US 9,190,397 B2
Page 2

(51) Int.CL
HOIL 23/433 (2006.01)
HOIL 23/552 (2006.01)
HOIL 23/31 (2006.01)
HOIL 23/367 (2006.01)
HOIL 23/482 (2006.01)
HOIL 23/495 (2006.01)
(52) US.CL
CPC oo HOIL 23/49562 (2013.01); HOIL

2224/48091 (2013.01); HOIL 2924/13055
(2013.01); HOIL 2924/3025 (2013.01); HOIL
2924/30107 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS
6,822,875 B2* 11/2004 Chanetal. .......c.cc.... 361/760

2006/0067059 Al 3/2006 Ushijima et al.
2008/0007920 Al 1/2008 Shiraki et al.

2008/0017882 Al
2008/0130223 Al*
2012/0133427 Al*

1/2008 Nakanishi et al.
6/2008 Nakamura et al. ............ 361/689
5/2012 Kimetal. ..ococoeerrenrnnenn. 327/564

FOREIGN PATENT DOCUMENTS

JP H10-012812 A 1/1998
JP H11-233712 A 8/1999
JP 2001-250890 A 9/2001
JP 2006-042557 A 2/2006
JP 2006-093733 A 4/2006
JP 2008-016822 A 1/2008
JP 2008-027993 A 2/2008
JP 2009-064852 A 3/2009
JP 2010-129801 A 6/2010
JP 4583122 B2 9/2010
OTHER PUBLICATIONS

Notification of Transmittal of Translation of the International Pre-
liminary Report on Patentability and Translation of Written Opinion
of the International Searching Authority; PCT/JP2012/053377,
issued on Aug. 28, 2014.

* cited by examiner



Nov. 17, 2015 US 9,190,397 B2

U.S. Patent
FIG 1
18 10
= 0
;m:: : FAP AN, : - : nﬂ T L‘ j
e AR S
,‘ s '-;},:‘53 } w{.«:w % &% ‘ﬁh;,: g& S 13
i %@ggi‘? . »;%% L
167 6 1411 2 12
FIG. 2
24 ,127
SHIET RIVE
T | ciRcUIT PRIVER
t 29
Pg —_
22H 23H 2%
%q’gmt — | DRIVER [ }
ECU —PLeneraTion | Log| 30
CIRCUIT N




US 9,190,397 B2

1
SEMICONDUCTOR DEVICE

TECHNICAL FIELD

The present invention relates to a semiconductor device
incorporating in one resin package a semiconductor element
and a drive circuit for driving the semiconductor element.

BACKGROUND ART

Conventional package-type power modules need gel
encapsulation of semiconductor elements. A large number of
assembly process steps and high parts cost are required for
such power modules. Transfer-molded power modules hav-
ing semiconductor elements therein are therefore being
developed (see, for example, Patent Literature 1). A device
having a resin-molded semiconductor package in which a
circuit board including a drive circuit for driving a semicon-
ductor element is fixed with screws or the like has been
proposed (see, for example, Patent Literature 2).

However, in the case where screws or the like are used,
there is a problem in that the number of component parts is
increased, which leads to an increased overall weight. There
is also a problem in that the device is increased in size by an
amount corresponding to the circuit board. Further, in the
case of a semiconductor device for use in a motor vehicle, the
ambient temperature is high and a semiconductor element
such as a SIC heats itself to a high temperature. Therefore,
there is a need to use high-temperature-resistant parts, result-
ing in an increase in manufacturing cost.

For this reason, a semiconductor device has been proposed
in which a power semiconductor element and a control semi-
conductor element for controlling the power semiconductor
element are mounted on one cooling body and are encapsu-
lated in resin (see, for example, Patent Literature 3). With this
arrangement, a reduction in the number of component parts
and a reduction in weight can be achieved, the need for a
circuit board such as a printed circuit board can be eliminated,
and the control semiconductor element can be cooled.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent [aid-Open No. 2001-
250890

Patent Literature 2: Japanese Patent No. 4583122

Patent Literature 3: Japanese Patent [Laid-Open No. 2008-
27993

SUMMARY OF INVENTION
Technical Problem

The control semiconductor element has a drive circuit for
driving the power semiconductor element and a connection
circuit for supplying a control signal to the drive circuit in
response to a signal from an external ECU. Conventionally,
the drive circuit on the high-voltage side and the connection
circuit on the low-voltage side are electrically connected to
each other. There is, therefore, a possibility of the connection
circuit being broken by application of a high voltage from the
drive circuit to the connection circuit.

The present invention has been made to solve the above-
described problems, and an object thereof is to provide a
semiconductor device which can prevent breakdown of the
connection circuit.
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Means for Solving the Problems

A semiconductor device according to the present invention
includes: first and second cooling bodies; a semiconductor
element sandwiched between a lower surface of the first cool-
ing body and an upper surface of the second cooling body; a
connection circuit provided on the lower surface of the first
cooling body and generating a control signal in response to a
signal from outside; a drive circuit provided on the upper
surface of the second cooling body and driving the semicon-
ductor element in response to the control signal; a first com-
munication device provided on the lower surface of the first
cooling body and transmitting the control signal; a second
communication device provided on the upper surface of the
second cooling body, receiving the control signal transmitted
by the first communication device, and supplying the control
signal to the drive circuit; and a resin encapsulating portions
of the first and second cooling bodies, the semiconductor
element, the connection circuit, the drive circuit, and the first
and second communication devices and electrically insulat-
ing the connection circuit and the first communication device
from the second communication device and the drive circuit.

Advantageous Effects of Invention

The present invention makes it possible to prevent break-
down of the connection circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional view showing a semiconductor device
according to an embodiment of the present invention.

FIG. 2 is a circuit diagram of the semiconductor device
according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1is a sectional view showing a semiconductor device
according to an embodiment of the present invention. This
semiconductor device has a double-side cooling structure in
which a semiconductor element 3 is sandwiched between a
lower surface of a cooling body 1 and an upper surface of a
cooling body 2. A connection circuit 4 and a communication
device 5 are provided on the lower surface of the cooling body
1, adrive circuit 6 and acommunication device 7 are provided
on the upper surface of the cooling body 2. The communica-
tion devices 5 and 7 are disposed in such positions as to be
opposed to each other along the top-bottom direction.

A collector 8 of the semiconductor element 3 is connected
to a high-voltage electrode 10 through a circuit pattern 9. An
emitter 11 of the semiconductor element 3 is connected to a
high-voltage electrode 13 through a circuit pattern 12. A gate
14 of the semiconductor element 3 is connected to the drive
circuit 6 through a wire 15 and a circuit pattern 16.

The drive circuit 6 is connected to the communication
device 7 through the circuit pattern 16. The communication
device 5 is connected to the connection circuit 4 and to a
signal electrode 18 through a circuit pattern 17. Each of the
communication devices 5 and 7 may be, for example, an
optical communication circuit for performing optical com-
munication by means of a light-emitting diode, an optical
fiber and a phototransistor, or a magnetic field circuit for
performing magnetic communication by means of a coil and
a transformer.

An electrically conductive shielding plate 19 is disposed
between the semiconductor element 3 and the connection
circuit 4 and between the semiconductor element 3 and the
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drive circuit 6. The shielding plate 19 is connected to the
ground of the low-voltage-side circuit pattern 17 to obtain a
shielding effect. An insulation distance between the high-
voltage-side circuit pattern 9 and the low-voltage-side con-
nection circuit 4 is secured by a groove 20 provided in the
lower surface of the cooling body 1.

Portions of the cooling bodies 1 and 2 and components
including the semiconductor element 3, the connection cir-
cuit 4, the drive circuit 6 and the communication devices 5 and
7 are encapsulated in a resin 21. The resin 21 electrically
insulates the connection circuit 4 and the communication
device 5 from the communication device 7 and the drive
circuit 6. The resin 21 also electrically insulates the projecting
end of the shielding plate 19 and the drive circuit 6 from each
other. The high-voltage electrodes 10 and 13 and the signal
electrode 18 are led out of the resin 21 in opposite directions.
Thehigh-voltage electrodes 10 and 13 are disposed parallel to
each other.

FIG. 2 is a circuit diagram of the semiconductor device
according to the embodiment of the present invention. A
control signal generation circuit 23 generates a control signal
in response to a signal from an external ECU 22. This control
signal is supplied to a driver 25 orto a driver 26 through a level
shift circuit 24. The drivers 25 and 26 drive IGBTs 27 and 28,
respectively. Diodes 29 and 30 are connected in parallel with
the IGBTs 27 and 28, respectively. The control signal gen-
eration circuit 23 corresponds to the connection circuit 4
shown in FI1G. 1. The drivers 25 and 26 correspond to the drive
circuit 6. The IGBTs 27 and 28 and the diodes 29 and 30
correspond to the semiconductor element 3.

The operation of the above-described semiconductor
device will now be described. The connection circuit 4 is
supplied with a signal from the external ECU through the
signal electrode 18 and the circuit pattern 17 and generates a
control signal in response to the supplied signal. The com-
munication device 5 transmits this control signal. The com-
munication device 7 receives the control signal and supplies
the control signal to the drive circuit 6. The drive circuit 6
drives the semiconductor element 3 in response to the control
signal. Through the high-voltage electrodes 10 and 13, the
semiconductor element 3 is supplied with a high voltage and
outputs a high voltage.

The advantages of the present embodiment will now be
described. The resin 21 electrically insulates the connection
circuit 4 and the communication device 5 on the low-voltage
side from the communication device 7 and the drive circuit 6
on the high-voltage side, thus enabling prevention of break-
down of the connection circuit 4 caused by application of a
high voltage from the drive circuit 6 to the connection circuit
4. Also, the semiconductor element 3, the connection circuit
4, the communication devices 5 and 7 and the drive circuit 6
can be cooled by the cooling bodies 1 and 2.

The mount area can be reduced by disposing the commu-
nication devices 5 and 7 at such positions that the communi-
cation devices 5 and 7 are opposed to each other along the
top-bottom direction.

With the shielding plate 19, the connection circuit 4 and the
drive circuit 6 can be protected from electromagnetic waves
emitted from the semiconductor element 3.

Interference between the high-voltage side and the low-
voltage side can be prevented by leading out the high-voltage
electrodes 10 and 13 and the signal electrode 18 in opposite
directions. An inductance can be reduced by disposing the
high-voltage electrodes 10 and 13 parallel to each other.

DESCRIPTION OF SYMBOLS

1 cooling body (first cooling body)
2 cooling body (second cooling body)
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3 semiconductor element

4 connection circuit

5 communication device (first communication device)

6 drive circuit

7 communication device (second communication device)
10 high-voltage electrode (first high-voltage electrode)

13 high-voltage electrode (second high-voltage electrode)
18 signal electrode

19 shielding plate

21 resin

The invention claimed is:

1. A semiconductor device comprising:

first and second cooling bodies;

a semiconductor element sandwiched between a lower sur-
face of the first cooling body and an upper surface of the
second cooling body;

a connection circuit provided on the lower surface of the
first cooling body and generating a control signal in
response to a signal from outside;

a drive circuit provided on the upper surface of the second
cooling body and driving the semiconductor element in
response to the control signal;

afirst communication device provided on the lower surface
of the first cooling body and transmitting the control
signal;

a second communication device provided on the upper
surface of the second cooling body, receiving the control
signal transmitted by the first communication device,
and supplying the control signal to the drive circuit; and

a resin encapsulating portions of the first and second cool-
ing bodies, the semiconductor element, the connection
circuit, the drive circuit, and the first and second com-
munication devices and electrically insulating the con-
nection circuit and the first communication device from
the second communication device and the drive circuit.

2. The semiconductor device according to claim 1, wherein
the first and second communication devices perform optical
communication or magnetic communication.

3. The semiconductor device according to claim 1, wherein
the first and second communication devices are disposed in
such positions as to be opposed to each other along a top-
bottom direction.

4. The semiconductor device according to claim 1, further
comprising an electrically conductive shielding plate dis-
posed between the semiconductor element and the connec-
tion circuit and between the semiconductor element and the
drive circuit.

5. The semiconductor device according to claim 1, further
comprising:

afirsthigh-voltage electrode connected to a collector of the

semiconductor element;

a second high-voltage electrode connected to an emitter of
the semiconductor element; and

a signal electrode connected to the connection circuit,

wherein the first and second high-voltage electrodes and
the signal electrode are led out of the resin in opposite
directions, and

the first and second high-voltage electrodes are disposed
parallel to each other.
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